ABSTRACT: Two experiments were conducted over 3 yr to determine pregnancy rates in beef heifers after a timed AI in response to the 7-11 Synch protocol. In Exp. 1, 179 heifers were either fed melengestrol acetate (MGA; 7-11 Synch) or given an intravaginal progesterone (P4)-releasing insert [controlled intravaginal drug releasing device (CIDR); 7-11 CIDR] for 7 d. Prostaglandin F 2α was administered on the last day of MGA feeding or at CIDR removal followed by the CO-Synch protocol (GnRH-PGF 2α -GnRH) beginning 4 d after MGA withdrawal or 2 d after CIDR removal. Heifers received a timed AI with GnRH beginning 48 h after the second PGF 2α . Blood samples were collected at d -10, 0 (start of MGA feeding), and 18 (second PGF 2α injection). In Exp. 2, 298 beef heifers were treated with the 7-11 Synch protocol with (7-11 Synch) or without (7 Synch) the fi rst GnRH injection. Fixed time AI and GnRH was given 54 h after PGF 2α . Blood samples were collected at d -10 and 0 in yr 1 and d -10, 0, 18 and at AI in yr 2. In Exp. 1, no differences were detected between 7 and 11 Synch and 7-11 CIDR for attainment of puberty in noncyclic heifers (94 vs. 78%; P = 0.21), the proportion of heifers that had luteal tissue on d 18 (87 vs. 83%; P = 0.41), or pregnancy rates after timed AI (47 vs. 46%; P = 0.99). In Exp. 2, administration of GnRH 4 d after the last MGA (7-11 Synch) feeding tended (P = 0.07) to induce more prepubertal heifers to cycle (88 vs. 61%) and increased (P < 0.01) the proportion of heifers with luteal tissue on d 18 (88 vs. 72%) compared with heifers in the 7 Synch treatment. Pregnancy rates after the 54 h timed AI were greater (P < 0.01) in the 7-11 Synch treatment (55%) than in the 7 Synch (38%). We conclude that heifer pregnancy rates did not differ whether feeding MGA for 7 d or applying a CIDR insert for 7 d before a CO-Synch protocol. In contrast, use of GnRH at the beginning of the CO-Synch protocol improved pregnancy rates after a timed AI by inducing more prepubertal heifers to ovulate and increasing the proportion of heifers with luteal tissue at the PGF 2α injection.
INTRODUCTION
Melengestrol acetate (MGA) has been included in AI protocols because it is cost effective and easy to administer, can induce prepubertal or anestrous females to cycle, and can synchronize estrous behavior. Feeding MGA has been reported to induce cyclicity in prepubertal heifers and anestrous cows (Day, 2004) . Long-term feeding (14 d) of MGA (0.5 mg·head -1 ·d -1 ) has been effective in synchronizing estrus in heifers (Brown et al., 1988; Jaeger et al., 1992) and cows (Patterson et al., 1995; Stegner et al., 2004b,c; Bader et al., 2005) . Recent synchronization protocols using MGA have focused on reducing the duration of MGA feeding and use of GnRH to synchronize a follicular wave before a fi xed-timed AI.
A large proportion of heifers exhibit estrus in response to short-term MGA feeding but with reduced fertility (Beal et al., 1988; Chenault et al., 1990) . Therefore, to synchronize the fi rst follicular wave after MGA feeding, the 7-11 Synch protocol was developed, which is simply a presynchronziation with 7 d of MGA feeding followed by the CO-Synch protocol (Kojima et al., 2000) . This protocol has been used successfully in postpartum beef cows by inseminating after observed estrus (Kojima et al., 2000; Stegner et al., 2004c) or at a fi xed time (Kojima et al., 2000 (Kojima et al., , 2003 Bader et al., 2005) but use of this protocol in beef heifers is limited (Kojima et al., 2000; McKinniss et al., 2011) . The objectives of this study were to 1) compare the effi cacy of feeding MGA or applying an intravaginal progesterone (P4)-releasing insert [controlled intravaginal drug releasing device (CIDR)] as part of the 7-11 Synch protocol on pregnancy outcomes and 2) determine the effect of GnRH to synchronize luteal development after 7 d of MGA and subsequent pregnancy rates after a fi xed-time AI.
MATERIAL AND METHODS
All animals were handled in accordance with procedures approved by the Animal Care and Use Committee of the university.
Experiment 1
Crossbred Angus heifers at 2 locations (n = 51 and 78) and purebred Angus, Simmental, and Hereford heifers (n = 50) from a third location were assigned randomly to 2 treatments (Fig. 1) . The 7-11 Synchtreated heifers were fed MGA (0.5 mg·head -1 ·d -1 MGA 200 Premix; Pharmacia & Upjohn Company, Kalamazoo, MI) in a sorghum grain carrier for 7 d beginning on d 0 followed by 25-mg intramuscular (i.m.) injection of PG F 2α (PGF 2α ; 5 mL Lutalyse; Pfi zer Animal Health, New York, NY) on the last day of MGA feeding (d 7). A 100-μg i.m. injection of GnRH (2 mL OvaCyst; IVX Animal Health, Inc., St. Joseph, MO) was given on d 11 followed by PGF 2α on d 18 and GnRH at the time of AI. Heifers assigned to 7-11 CIDR received an EaziBreed CIDR (Pfi zer Animal Health) beginning on d 2. On d 9, CIDR inserts were removed and PGF 2α was administered followed by GnRH on d 11, PGF 2α on d 18, and GnRH at the time of AI.
Artifi cial Insemination and Pregnancy Determination. Heifers received timed AI beginning 48 h after PGF 2α on d 18. The same 2 inseminators were used for all locations. All AI matings were assigned before insemination. Two different sires were used at each of the locations that consisted of crossbred heifers. Crossbred heifers were exposed to bulls for 60 to 80 d beginning 7 d after AI. Eleven sires were used at the purebred location and heifers were observed twice daily for 45 d after timed AI and nonpregnant heifers were inseminated 12 h after the onset of estrus. Pregnancy rates to timed AI at all locations was determined by transrectal ultrasonography (Aloka 500V with a 5.0-MHz linear array probe; Aloka, Wallingford, CT) 30 to 35 d after insemination. Final pregnancy status was determined 50 to 60 d after the end of the breeding season by transrectal palpation of the uterus.
Blood Collection and Progesterone Concentrations. Blood samples (10 mL) were collected via coccygeal venipuncture on d -10, 0, and 18 to determine cyclicity and treatment response. Blood was allowed to clot overnight at 4°C and serum was separated by centrifugation (1,500 × g for 20 min at 4°C) the next day. Serum was frozen at -20°C until assayed for P4 concentration by RIA (Skaggs et al., 1986) . Intra-and interassay CV were 12.1 and 12.9%, respectively, for 5 assays. Heifers with P4 concentrations >1 ng/mL either on d -10 or 0 were defi ned as having obtained puberty before treatment. Heifers with P4 concentrations <1 ng/mL on d -10, d 0, and d 18 were classifi ed as prepubertal. Heifers with low P4 (<1 ng/mL) on d -10 and d 0 that had P4 concentrations >1 ng/mL at d 18 or conceived to timed AI were considered as having obtained puberty during treatment. 
Experiment 2
Experiment 2 was conducted during 2 yr using beef heifers at 3 locations. In locations 1 and 2 during yr 1 and 2, crossbred Angus (n = 73 and 91) and purebred Angus, Hereford, and Simmental heifers (n = 56 and 57), and at location 3, purebred Angus heifers (n = 21) in yr 2, were assigned randomly to either the 7-11 Synch or 7 Synch treatment. Beginning on d 0, all heifers in both treatments ( Fig. 1) were fed MGA for 7 d and injected with PGF 2α on the last day of MGA feeding. The MGA was fed in a sorghum grain carrier at locations 1 and 2 and top dressed in a grain pellet at location 3. Only heifers assigned to the 7-11 Synch treatment received a GnRH injection on d 11 and then all heifers received PGF 2α on d 18 and GnRH at the time of AI.
Artifi cial Insemination and Pregnancy Determination. Timed AI began 54 h after the PGF 2α on d 18. The same 2 technicians performed AI both years at all locations. In year one, 4 and 8 sires were used at locations 1 and 2, respectively, and in year two, 2, 5, and 2 sires were used at locations 1, 2, and 3, respectively. Heifers at location 2 were monitored twice daily for approximately 30 d after timed AI and nonpregnant heifers were inseminated 12 h after detected estrus and then exposed to bulls for an additional 30 d. At locations 1 and 3, heifers were exposed to bulls beginning 7 d after the timed AI during a 60-d breeding season. Pregnancy rate to timed AI was determined by transrectal ultrasonography (Aloka 500V with a 5.0-MHz linear array probe; Aloka, Wallingford, CT) 30 to 35 d after insemination. Final pregnancy status was determined 50 to 60 d after the end of the breeding season by transrectal palpation of the uterus.
Blood Collection and Progesterone Concentrations. In yr 1, blood samples (10 mL) were collected via the coccygeal vein on d -10 and 0 to determine heifer cyclicity before treatment. In yr 2, blood samples were collected on d -10, 0, and 18 and at the time of AI. Blood was allowed to clot overnight at 4°C and serum was separated by centrifugation (1,500 × g for 20 min at 4°C) the next day. Serum was stored at -20°C until assayed for P4 concentration by RIA (Skaggs et al., 1986) . Intra-and interassay CV were 6.7 and 8.1%, respectively, for 6 assays. Serum P4 concentrations at the time of AI were determined for only those heifers who did not conceive to the timed insemination. Heifers with P4 concentrations >1 ng/mL either on d -10 or 0 were defi ned as having obtained puberty before treatment whereas heifers with P4 concentrations <1 ng/mL on d -10, d 0, and d 18 (yr 2) were classifi ed as prepubertal. Heifers with low P4 (<1 ng/mL) on d -10 and d 0 that had P4 concentrations >1 ng/mL at d 18 or conceived to timed AI were considered as having obtained puberty during treatment. Progesterone concentrations >1 ng mL at the time of AI were characterized as high.
Statistical Analyses
Each experiment was analyzed using the Glimmix procedure (SAS Inst. Inc., Cary, NC) and results are presented as raw means. Cyclicity before treatment, overall cyclicity before the PGF 2α injection on d 18, and proportion of heifers with luteal tissue at the time of the PGF 2α injection on d 18 was modeled using the binomial distribution and link function of logit with treatment and location as fi xed effects. The full model for timed AI pregnancy rate included treatment as a fi xed effect and location, AI technician, and sire nested within location as random effects using the binomial distribution and link function of logit. Denominator degrees of freedom were adjusted using the KenwardRodgers option. Signifi cance of random effects was tested by dropping each term and comparing the full model with the reduced model using likelihood ratio tests and dividing the P-value of the test statistic by 2 (Littell et al., 2006) . A χ 2 test was used to compare the distribution of heifers by treatment and P4 concentration at time of AI for heifers that had high P4 (>1.0 ng/mL) at the PGF 2α injection on d 18 but did not conceive to the timed AI in Exp 2.
RESULTS

Experiment 1
Results from Exp. 1 are summarized in Table 1 and P4 distributions at d 18 are shown in Fig. 2 . No difference in randomly assigned heifers were detected between treatments (P = 0.89) or between locations (P = 0.15) for the proportion of cyclic heifers at the beginning of treatment. The ability to induce prepubertal heifers to begin cycling by d 18 was similar (P = 0.21) between MGA-(94%) and CIDR-(78%) treated heifers. Overall synchronization rate, the proportion of heifers having elevated P4 (≥1 ng/mL) at d 18 did not differ (P = 0.41) between 7 and 11 Synch and 7-11 CIDR treatments (87 vs. 83%), but synchronization rates tended to be different (P = 0.07) among locations. At 1 location only 78% of the heifers had elevated P4 at d 18 compared with >90% at the other 2 locations. Pregnancy rates to a timed AI for 7-11 Synch (47%) and 7-11 CIDR (46%) were similar (P = 0.99). The random effects of sire (P = 0.04) and inseminator (P = 0.09) contributed to variation in the model, but location (variance estimate = 0) did not.
Experiment 2
Results from Exp. 2 are summarized in Tables 1  and 2 and P4 distributions at d 18 and at breeding are shown in Fig. 3 and 4 . No difference in the proportion of pubertal heifers at the initiation of treatment was detected between treatments (P = 0.97) or among locations (P = 0.60) after being randomly assigned to treatments (Table 1) . Based on blood collected in yr 2, noncyclic heifers that were prepubertal at the initiation of treatment but had P4 concentrations >1 ng/ mL at d 18 tended (P = 0.07) to be greater in the 7-11 Synch treatment (88%) compared with the 7 Synch treatment (61%). Synchronization rates at d 18 were greater (P < 0.01) for the 7-11 Synch-treated heifers (88%) than 7 Synch-treated heifers (72%). Overall pregnancy rates to timed AI were greater (P < 0.01) after the 7-11 Synch treatment (55%) than after the 7 Synch treatment (38%). Inseminator and sire variance estimates were nearly 0 whereas location did account for some variation (P = 0.10) in the pregnancy outcome. Distribution of heifer P4 concentrations at breeding is shown in Table 2 . Nonpregnant heifers in the 7 Synch treatment that had increased P4 on d 18 were less likely (P = 0.05) to have P4 concentration <1.0 ng/mL by the time of AI when compared with the 7-11 Synch heifers (38 vs. 18% respectively).
DISCUSSION
Artifi cial insemination is a powerful genetic tool for beef producers by providing access to affordable sires that are proven superior in particular traits. To facilitate a timed AI, ovulation-synchronization protocols should induce prepubertal or anestrous females to cycle in response to a progestin (Day, 2004) and synchronize Table 1 ). Table 2 ). 3 Proportion of heifers with P4 >1 ng/ml at d 18 (for Exp 2, yr 2 only).
the follicular wave with GnRH (Martinez et al., 2000) . The 7-11 Synch is a synchronization protocol that applies short-term MGA feeding of 7 d followed by GnRH-PGF 2α to synchronize follicular growth and luteal regression (Kojima et al., 2000) . For a timed AI, GnRH is given at AI so that 7-11 Synch is simply a CO-Synch protocol preceded by a presynchronization with a progestogen. Use of a progestogen in synchronization induces ovulation in heifers (Plugge et al., 1990; Jaeger et al., 1992) and cows (Patterson et al., 1995; Fike et al., 1997) , prevents a short luteal phase resulting from GnRH-induced ovulation in postpartum cows (Thompson et al., 1999) , and reduces early estrus before or near the PGF 2α injection in a GnRH-PGF 2α -based protocol (Kojima et al., 2000) .
Cyclicity
More than 95% of heifers had ovulated by d 18 after MGA or CIDR treatment when followed by GnRH on d 11. Relative to other studies, a large proportion of current heifers already were cyclic (>75%) before treatment. In a study of beef cows that were 90% anestrous at the beginning of treatment, an estrous response of 91% was observed with the 7-11 Synch protocol (Stegner et al., 2004c) . Administration of GnRH after MGA withdrawal was intended to synchronize the emerging follicular wave to facilitate a timed AI, but in our study GnRH also increased the overall number of heifers to be cyclic by 27% when PGF 2α was administered on d 18. Breed, season, and nutritional status are other factors that can infl uence initiation of puberty in heifers (Kinder et al., 1995) .
In Exp. 1 and Exp. 2, heifers that were prepubertal at the beginning of the 7-11 Synch treatment had similar pregnancy rates (4 and 10% units greater) as pubertal heifers but these values were only numerical increases. Previously in heifers treated with the 7-11 Synch protocol, reproductive tract scores at the initiation of the study did have an effect on estrous response and pregnancy outcomes (McKinniss et al., 2011) . Therefore, future studies may be needed to determine pregnancy outcomes when a large proportion of heifers are not cyclic at the beginning of 7-11 Synch treatment.
Synchronization and Pregnancy Rates
Synchronization rate and proportion of heifers having increased P4 at d 18 when PGF 2α was administered were similar between experiments (87 and 88%) for the 7-11 Synch treatment and for the 7-11 CIDR treated heifers (83%). Our synchronization rates were similar to those reported for cows that ranged from 66 to 91% (Stegner et al., 2004c; Bader et al., 2005) . However, 16% units more 7-11 Synch heifers had increased P4 at d 18 compared with 7 Synch heifers and differed by as much as 35 and 41% units in 2 locations. Heifer response to GnRH is dependent on stage of the cycle with greatest response in dominant follicles that are in their growth phase around d 5 or d 15 to 18 of the cycle (Moreira et al., 2000; Atkins et al., 2008) . More heifers (88%) initiated a new follicular wave when given PGF 2α followed by GnRH 3 d later compared with those that were given GnRH only (60%; Grant et al., 2011) . Therefore, greater synchronization rates may be due to a greater response to GnRH in the 7-11 Synch treated heifers that had small dominant follicles in the growth phase and reduced P4 concentrations after MGA feeding and PGF 2α injection 4 d earlier. In addition, fewer heifers in the 7 Synch treatment responded to the PGF 2α administered on d 18 of the protocol. Of those heifers that had increased P4 at d 18 but did not conceive, 38% of the 7 Synch heifers still had P4 greater than 1.0 ng/mL at the time of AI compared with 18% of the 7-11 Synch heifers (Table 2 ; Fig. 4 ). Increased P4 concentrations in heifers at both the time of PGF 2α administration on d 18 and at breeding is likely due to the presence of an earlydeveloping corpus luteum (CL) that is unresponsive to PGF 2α . Similar results were reported in cows and heifers by Kojima et al. (2000) who suggested that presence of an early developing CL was due to delayed estrus and ovulation after MGA withdrawal from the feed. Early in the luteal cycle, PGF 2α stimulates angiogenesis and P4 secretion within the CL in a positive feedback manner but as the CL matures the action of PGF 2α changes to a luteolytic cascade that includes stimulation of nitric oxide eventually leading to angiolysis and restriction of blood fl ow (Miyamoto et al., 2009) .
Pregnancy rates to a timed AI at 48 h after PGF 2α using MGA or CIDR in the 7-11 Synch protocol were 47 and 46%, respectively. In crossbred Bos indicus × Bos taurus heifers treated with the 7-11 synch protocol, 1 Progesterone concentrations (high = >1 ng/mL; low = <1 ng/mL).
33% of the treated heifers were pregnant to AI after insemination after detected estrus and a cleanup fi xedtimed AI at 72 h (McKinniss et al., 2011) . Greater pregnancy rates to AI have been reported in postpartum cows (>60%) using the 7-11 Synch protocol (Kojima et al., 2003; Bader et al., 2005) . Average interval to estrus using 7-11 Synch has been reported to be about 54 h in heifers (Kojima et al., 2000) and from 52 to 64 h in cows (Kojima et al., 2000; Stegner et al., 2004a,c) . Timed AI 60 h after PGF 2α has been suggested for cows (Kojima et al., 2003; Bader et al., 2005) . Our reduced pregnancy rates may have resulted from an earlier insemination time of 48 h. In Exp. 2 when a 54-h interval from GnRH to AI was used, pregnancy rates ranged from 51 to 68% (55% overall) for 7-11 Synch. Pregnancy rate for the 7 Synch treatment averaged 38%. In Exp. 1, sire was a signifi cant source of random variation. At the 2 locations where only 2 sires were used, pregnancy rates differed by 34 and 11% units between sires. Semen analysis later confi rmed that 1 sire had substandard motility. In Exp. 2, location contributed variation to the model as average pregnancy rates among 5 locations ranged from 29 to 56%.
In summary, no differences were observed when using a CIDR or MGA for 7 d before the CO-Synch protocol in heifers but pregnancy rates were lower than those reported in cows (Kojima et al., 2003; Bader et al., 2005) . Use of GnRH at the beginning of the CO-Synch protocol, however, improved cyclicity in prepubertal heifers and overall synchronization rate, which increased pregnancy rates to a fi xed-time AI.
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